INTRODUCTION
Neurological problems in the pediatric intensive care unit all too frequently seem to be among the most mysterious of disorders. While the pediatrician usually feels comfortable treating a variety of problems ranging from congestive heart failure to blood dyscrasias, this same physician is often overwhelmed by the appearance of neurological disease or neurological complications. This is particularly unfortunate and unnecessary since the most common neurological disorders in the pediatric intensive care unit can be approached in a systematic, organized manner. This review is designed to provide the physician caring for acutely ill children with a framework to diagnose and treat four frequently observed neurological syndromes: coma, status epilepticus, central nervous system infections, and post-infectious polyneuropathy (Guillain-Barre syndrome).
MANAGEMENT OF THE UNCONSCIOUS CHILD History and Overview
Although the differentiation between unconsciousness and normal sleep has been known since antiquity, it is only in recent years that the spectrum of disorders of 83 consciousness has been studied systematically. This is fortunate, since the diagnosis and management of children with disorders of consciousness remains one of the most urgent yet common problems in pediatric intensive care. In no small measure the patient's quality of life and even his survival hinge upon the knowledge and skill of the physician who is responsible for his emergency care. The following sections provide a framework for the rational and efficient approach to the comatose child, focusing upon the physical examination, differential diagnosis, laboratory assessment, and treatment. First, however, some definitions are necessary.
Definitions
Our efforts to better understand, prognosticate, and ultimately treat the wide variety of disordered states of consciousness is predicated upon a uniform and generally accepted nomenclature so that terminology remains relatively constant from investigator to investigator. In general, what Plum and Posner [1] have referred to as states of acutely altered consciousness are most reasonably defined along a continuum. Clouding of consciousness represents the earliest and least disturbed of the states. Though a relatively mild disorder characterized by reduced wakefulness, it may blend into an acute confusional state where stimuli are frequently misinterpreted, memory is impaired, and drowsiness and agitation may alternate. Delirium represents a closely related condition characterized by confusion, abnormal perception, and loss of attention. Disorientation, particularly for time, is prominent. Its onset is rapid, and its duration is relatively short. Frequent etiologies include poisonings and metabolic disturbances.
Obtundation represents still another step in the progression, indicating a mild to moderate reduction in alertness. If the situation deteriorates to the point where only vigorous and persistent stimulation will rouse the patient, we refer to this disordered state as stupor.
Coma represents the final step in the progression, and its definition is perhaps the most critical, since numerous outcome studies use the duration of coma as a dependent variable in predicting future neurological deficit. According to DeJong Neurological criteria of death are more difficult to apply. Cessation of neurological functions are diagnosed when: (a) cerebral functions are absent, i.e., the patient is in coma (defined above), and (b) brain stem functions are absent though spinal cord reflexes may persist after death. This mandates reliable testing of brain stem reflexes including pupillary light, corneal, oculocephalic, oculovestibular, oropharyngeal, and respiratory (apnea) reflexes. The oculocephalic or doll's eye response is elicited by rotating the child's head while the eyes are kept open. An intact response is deviation of the eyes to the direction opposite that of the face. Thus, if the head is rotated toward the right, the eyes deviate toward the left. An important contraindication to this test is any question of cervical spine injury such that rotation of the neck might jeopardize the viability of an already compromised spinal cord function. The oculovestibular response is tested by raising the head 30 degrees from the horizontal and irrigating the tympanic membrane with 50-100 ml of ice water. An intact response is deviation of the eyes to the side of ice water stimulation.
Irreversibility of cessation of neurological functioning is recognized when, first, the diagnosis has been established and is sufficient to result in the clinical picture. This always presupposes a careful history, physical examination, and appropriate ancillary procedures which may include CT scanning, toxic and drug screening, EEG, and more specific tests as required. Second, the possibility for recovery has been excluded. In 
Physical Examination
The physician faced with the urgent problem of a child in coma should not only be able to arrive at an operational diagnosis but in addition must be able to decide efficiently and rapidly the severity of the child's condition and whether the state of altered consciousness is improving or deteriorating. For this latter, he must employ a simple yet comprehensive examination that can be repeated frequently and reproducibly by many different medical personnel, including both physicians and nurses. An examination that has proved particularly helpful in cases of head injury is the Glasgow Coma Scale devised by Teasdale and Jennett [8] ; responsiveness is assessed by scoring three separate facets of unconsciousness: eye opening, motor, and verbal responses. While the Glasgow Coma Scale has proven to be extremely useful in head injuries, and in adults in coma after cardiac arrest, its role in assessing children with coma from causes other than head trauma remains to be defined. Furthermore, some of the scale items, particularly the verbal responses, are not always applicable to young children. In addition, many patients have an endotracheal tube in place, precluding a reliable estimate of the verbal response.
The inclusion of certain reflexes (e.g., pupillary light, corneal, oculocephalic and oculovestibular, deep tendon) in the examination takes relatively little additional time and provides significantly more information than that obtained using the Glasgow Coma Scale. However, some of the reflexes (e.g., oculocephalic, oculovestibular, corneal) are difficult to evaluate, thus limiting the examination of these items except by experienced examiners.
The inclusion of these reflexes may be particularly helpful in efforts to prognosticate about ultimate neurological recovery during the first few days of coma. Thus, in a study of coma in adults (all subjects older than 12 years, whose coma lasted at least six hours) no patient recovered who lacked pupillary light reflexes, corneal reflexes, or motor responses after three days of coma [9] . Even earlier, by the end of the first day of coma, absent corneal reflexes or absence of pupillary light reflexes presaged an unsatisfactory recovery. It should be emphasized that the absence of these reflexes might not be as ominous in the relatively more plastic brain of the child. However, such questions remain to be resolved in future studies.
Differential Diagnosis
The most reasonable, and certainly the most efficient, diagnostic schema for the differential diagnosis of acute alterations in the state of consciousness is that proposed by Plum and Posner [1] . In this classification, just three principal categories will suffice to include all possible disease processes: (1) supratentorial masses of a variety of types, (2) subtentorial destructive processes, and (3) metabolic encephalopathies. A fourth category, psychiatric unresponsiveness, is rare in adults, and remote in childhood, and will not be considered further here.
Discrimination between these three processes mandates a more detailed examination than that offered in the Glasgow Scale as well as an understanding of the pattern and evolution of each of these processes. Such a determination can be made by incorporating several other components of the routine neurological examination into what has already been described. Included in this diagnostic repertoire are examination of pupillary size and reactivity, spontaneous eye movements, oculocephalic or oculovestibular responses, corneal and deep tendon reflexes, respiratory patterns, and muscle tone. These additional tests not only allow for the differentiation between coma due to metabolic disturbances from unconsciousness as a result of supratentorial or subtentorial lesions but are critical in determining whether supratentorial processes are progressing through what Plum and Posner have referred to as the "central syndrome." This is characterized by a progression of neurological signs through four stages: (1) early diencephalic (intact pupillary responses, intact oculocephalic and oculovestibular responses, normal or CheyneStokes respiration, and ability to localize a painful stimulus); (2) lower diencephalic (loss of pupillary responses, flexor response to painful stimuli); (3) midbrain-upper pontine (absence of pupillary responses, impaired oculocephalic and oculovestibular responses, extensor posturing in response to pain); (4) lower pontine-medullary (loss of all brain stem reflexes, no response to painful stimuli).
Supratentorial mass lesions resulting in the central syndrome are frequently heralded by focal neurological symptoms, and examination often elicits asymmeterical motor findings. Disorders which characteristically produce the central syndrome are those which result in the development of brain edema, and include head trauma, hemorrhagic lesions within the brain, and the metabolic encephalopathy of Reye syndrome. Rarely, post-anoxic injuries may also produce brain edema though in most cases anoxia will result in a picture of metabolic coma (see below).
The uncal syndrome, which must be differentiated from the central syndrome, is caused by unilateral herniation of the temporal lobe through the tentorial notch, compressing the posterior cerebral artery and then the third nerve, a picture most often associated with a rapidly expanding extradural mass. [10] [11] [12] [13] [14] . Though in adults it is most often caused by omission of a required anticonvulsant in an individual with a known seizure disorder, in children it most frequently occurs in association with a central nervous system infection or a metabolic disturbance [12] .
General Measures
Status epilepticus must always be considered a medical emergency since good evidence suggests that prolonged convulsive seizures may produce neuronal damage. Furthermore, the likelihood of damage is increased if the condition is associated with inadequate ventilation or impaired general circulation. Thus, it is mandatory that any child with this condition be admitted as quickly as possible to a pediatric intensive care unit where the emergency treatment must be directed to establishing and maintaining an appropriate airway and providing an adequate circulation as well as stopping the seizures. Investigations in animals have indicated that the ability of the brain to satisfy the energy expenditure produced by the prolonged seizure state is limited, suggesting that administration of 10 percent glucose may be helpful. In some cases it is possible that brain edema might be a factor in the perpetuation of the seizures. Thus, if the usual agents (see below) are not effective in relieving the symptoms, some clinicians begin treating the child for cerebral edema (see treatment of increased intracranial pressure, above).
Pharmacotherapy
While a number of drugs have been employed in the treatment of status epilepticus, in recent years diazepam (valium) has proven to be a rapid and effective anticonvulsive agent. The drug is administered intravenously over a two-minute interval at an initial dose of .25 mg/kg (maximum, 10 mg). If seizures continue, a dose of .4 mg/kg (maximum, 15 mg) is repeated after ten minutes, and if this is not successful within 30 minutes still another dose (.5 mg/kg; maximum, 20 mg) is given. While the maximum dose in any individual has not been established, doses above 45 mg over a two-hour period must be monitored closely. There is a well-documented risk of respiratory arrest occurring with this agent, particularly if the child has received concurrent doses of barbiturates. In addition, high dosages of diazepam may be associated with cardiac arrhythmias and hypotension [15] [16] .
Because the duration of anticonvulsant action of diazepam is short-lived, perhaps as brief as 15 minutes, it is necessary to treat the patient concomitantly with another anticonvulsant agent. While a number of agents have been employed, most clinicians consider either phenobarbital or phenytoin to be the drugs of choice.
Phenytoin is less likely to interact with diazepam and produce respiratory difficulties, and thus is the preferred drug in children older than neonates. It is administered intravenously at a 15 mg/kg loading dose. If seizures continue, a dose of 10 mg/kg is repeated after one hour, and again after four hours. Subsequent dosages depend on serum concentrations, which should approach 25 Ag/ml. Phenytoin must be given slowly and heart rate monitored carefully to avoid cardiac arrhythmias.
Phenobarbital is a traditional and effective agent used not only with diazepam, but one which has often been employed by itself in the treatment of status epilepticus in children. Although it may not reach concentrations in the brain as rapidly as does diazepam, its wide therapeutic index makes it a useful agent. Phenobarbital is given intravenously over five to ten minutes at a loading dose of 10-15 mg/kg in older children and 15-20 mg/kg in neonates. The daily dose should then be adjusted accordingly to effect a plasma barbiturate concentration of 30-50 yg/ml over the subsequent 48-hour period. This usually necessitates administering 10 mg/kg per day for that period before the dose is reduced to maintenance levels of 5 mg/kg.
Combinations of the three agents discussed should be effective in nearly all cases, but, if another agent is necessary, a continuous intravenous infusion of a shortacting barbiturate such as thiopental at a dose of 3-5 mg/kg/hour should be considered. Such patients must be monitored carefully since high blood levels of barbiturates may cause cardiovascular depression. If seizures still continue, paraldehyde, given rectally, at a dose of .3 ml/kg (maximum dose, 5 ml) diluted tenfold with mineral or peanut oil, repeated at one and again at two hours might be considered.
If possible, EEG monitoring should be employed, though electrical evidence of seizures may continue despite the effective treatment of any clinically evident convulsion. This is particularly critical in children who are receiving paralytic agents for the treatment of pulmonary disease or increased intracranial pressure. In such cases the EEG provides the only objective assessment of cortical seizure activity.
MANAGEMENT OF INFECTIONS OF THE CENTRAL NERVOUS SYSTEM

Bacterial Infections
Diagnosis and General Measures Acute bacterial meningitis represents one of the most common pediatric emergencies. Because it is potentially reversible if diagnosed early and treated appropriately, its recognition is critical. Children with bacterial meningitis frequently present with a disturbance in the state of consciousness accompanied by fever and nuchal rigidity. Meningitis in infants and very young children under one or two years is frequently difficult to diagnose, though it should be considered in any infant who has a seizure, since 10 percent of the cases of meningitis occurring in the newborn period may present as a neonatal seizure. Children in this age group may not exhibit nuchal rigidity or demonstrate the classical Kernig's (flexion of the neck upon extension of the knee) or Brudzinski's sign (flexion of the knees upon flexion of the neck). Although antibiotic therapy remains the keystone of the treatment of bacterial meningitis, provision of good supportive care is often the difference between complete recovery with minimal sequelae and recovery accompanied by profound neurological deficits.
Supportive treatment incorporates those measures previously described for coma. Brain edema is a frequent complication of meningitis, either as a result of the inflammatory process itself or because inappropriate secretion of antidiuretic hormone (ADH) is common in bacterial meningitis. Particular attention must be paid to the diagnosis and treatment of increased intracranial pressure. Thus, fluid restriction to two-thirds of daily maintenance, the use of dexamethosone, and administration of mannitol as described previously all must be considered if symptoms and signs of brain edema emerge. A shock-like picture may be associated with meningitis caused by Neisseria meningitidis, and rarely Hemophilus influenzae, and these must be treated vigorously with pressor agents.
Pharmacotherapy Antimicrobial therapy must be selected according to the most likely bacterial organism believed to be responsible in any particular child, and this in turn is significantly influenced by the age of the patient. Thus, in the perinatal period and up to three months of age the most common organisms responsible for bacterial meningitis are Group B Streptococcus, Escherichia coli, Streptococcus pneumoniae, Salmonella, Listeria monocytogenes, and Hemophilus influenzae type b. After three months of age, and up to age three years Hemophilus influenzae type b is by far the most common cause of meningitis, through Streptococcus pneumoniae and Neisseria meningitidis are also seen at this age. In older children and adults, Streptococcus pneumoniae and Neisseria meningitidis are the most common agents responsible for bacterial meningitis [17] .
When children under three months of age are suspected of having meningitis, even before the organism is identified treatment should be initiated with ampicillin, 150-200 mg/kg/day intravenously every four hours, and moxalactam.I If group B Streptococcus is cultured, the antibiotic of choice is penicillin G at dosages of 300,000-400,000 U/kg/day, intravenously every four hours. In children over three months of age, treatment is begun with a combination of ampicillin at a dose of 300-400 mg/kg/day intravenously every four hours (maximum daily dose, 16 g) and chloramphenicol at a dose of 100 mg/kg/day intravenously every six hours (maximum daily dose, 6 g). Once the CSF culture has been identified as ampicillinsensitive, chloramphenicol can be discontinued. Ampicillin has a relatively short half-life and must be infused relatively rapidly, usually over 20- While unusual in this country, rare cases of meningitis caused by Mycobacterium tuberculosis are recognized by the CSF findings of reduced glucose (hypoglycorrachia) associated with a lymphocytic pleocytosis. Treatment includes isoniazid at 20 mg/kg/day by mouth (maximum dose, 500 mg/day), streptomycin 20 mg/kg/day intramuscularly every 12 hours (maximum dose, 1 g/day), and rifampin 15 mg/kg/day by mouth (maximum dose, 600 mg/day). The role of steroids in tuberculous meningitis remains unresolved.
Viral Infections
Meningoencephalitis caused by viral agents is diagnosed on the basis of CSF profile of normal glucose and pleocytosis, though the diagnosis hinges upon failure to culture any bacteria from CSF. Herpes simplex viral encephalitis (HSV) must be considered in any infant whose clinical picture suggests encephalitis, since transmission from vaginal HSV is not uncommon. In older children the diagnosis is suspected if some focal neurological findings are apparent either as neurological signs or on CT scan or EEG. At the present time HSV encephalitis is the sole encephalitis amenable to therapy [18] . Good evidence indicates that the early administration of arabinoside A at a dose of 15 mg/kg/day intravenously for ten days may reduce the mortality of this serious disorder. It is not at all clear, however, if morbidity is reduced as well.
MANAGEMENT OF GUILLAIN-BARRIt SYNDROME
Clinical Symptomatology
Guillain-Barre syndrome is the most common form of polyneuropathy occurring in children. It comprises the acute form of acquired demyelinative neuropathy and is believed to be immunologically mediated, though the pathogenesis remains obscure. Clinically Guillain-Barre syndrome is characterized by a symmetric, progressive motor weakness involving more than one limb and areflexia. Generally the motor weakness develops rapidly over the course of days, though symptoms generally cease progressing by three to four weeks after onset [19] . Respiratory difficulties occur in 10-20 percent of cases, frequently severe enough to require assisted ventilation for prolonged periods of time. Sensory symptoms and signs are not prominent. Cranial nerve involvement is common, facial weakness, frequently bilateral, occurring in half the cases and involvement of tongue, deglutition, and extraocular muscle also not uncommon. Recovery usually begins two to four weeks after progression stops, and, with the exception of foot drop, recovery is usually complete. Autonomic dysfunction represents a particularly serious complication, and patients may exhibit tachycardia, postural hypotension, hypertension, and vasomotor instability. Bladder paralysis may occur as well. In most cases these complications are transient and will resolve spontaneously. When the complications persist, they must be treated.
Laboratory Findings and Differential Diagnosis
Cerebrospinal fluid examination demonstrates elevation in protein after the first week of illness with a paucity of cells, with counts of ten or fewer mononuclear leukocytes usual. Most patients demonstrate nerve conduction slowing or block during their illness and increased distal latencies. However, 20 percent of patients have normal nerve conduction studies, and in many other patients the conduction times may not become abnormal until several weeks into the illness. Though biopsy is rarely carried out, pathological findings include low-grade inflammation and demyelination-remyelination in peripheral nerves.
Differential diagnosis must include possible toxic neuropathies (e.g., glue sniffing), porphyria, diphtheria, lead intoxication, poliomyelitis, and botulism.
Management
Supportive intensive nursing care is the mainstay of therapy. Respiration should be carefully monitored and if vital capacity is < 15 cc/kg, inspiratory force < -25, -30 cm water, there is evidence of aspiration on chest X-ray or a falling PaO2, endotracheal intubation and artificial ventilation must be instituted. Tracheostomy may be indicated if artificial ventilation is anticipated for a prolonged period. Autonomic dysfunction, e.g., cardiac arrhythmias, hypotension, and transient hypertension, require careful monitoring of the blood pressure and electrocardiogram, and if any of these problems are more than transient, measures including drugs must be instituted to counteract them. Physiotherapy is vital to prevent deepvein thrombosis that may occur in paralyzed patients. Furthermore, good physiotherapy will prevent pressure sores, compressive neuropathies (e.g., ulnar and peroneal neuropathies), and joint contractures.
Most important, those caring for affected children must keep in mind that the patient is awake, yet helpless, and that this situation may continue for weeks. Because the child is often ventilated and unable to use his hands, he is effectively prevented from any self-initiated communication with the outside world. In this situation, frequent reassurance by the nursing and medical staff that his illness is self-limited and will improve is vital. Care must be taken not to discuss what may clearly be disturbing medical matters around the child's bed, and that simple measures, such as allowing the parents to spend as much time as possible with the child, be permitted. Although steroids have been used in Guillain-Barre syndrome for decades, careful analysis in both retrospective and prospective studies [20] fails to demonstrate any striking beneficial effect. The roles of immunosuppressive agents and, more recently, plasmapharesis, remain unresolved.
